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O a component (2. 12. 14. 16) in a fuel assembly for a nuclear light v/ater reactor, which method comprises the following steps: a) 
O producing a sheet of a suitable Zr-based alloy by foiging, hot rolling and cold roUing in a suitable number of steps, b) canying out 

^ ot+P quenching or a P quenching of the sheet when the sheet has been produced to a thickness which is equal to or almost equal 
^ to the final thickness of the finished sheet, c) heat treatment of the sheet in the a-phase temperature range of said alloy, wherein a 

stretching of the sheet is carried out during the he^ treatment according to step c). The invention also concerns a use of a sheet that 
^ is produced and treated according to tiiis method, and to methods and fuel assemblies of which said sheet forms a part. 
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Method, use and device relating to nuclear light water 
reactors 

BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention concerns a method of producing and treating 
a sheet suited to be used as a component or as a part of a compo- 
nent in a fuel assembly for a nuclear light water reactor, which 
method comprises the following steps: 

a) producing a sheet of a Zr-based alloy by forging, hot rolling 
and cold rolling in a suitable number of steps, wherein said 
alloy contains at least 96 weight percent Zr and is of such a 
kind that the sheet is suitable to be used for said component, 

b) carrying out an a+p quenching or a p quenching of the sheet 
when the sheet has been produced to a thickness Which is 
equal to the final thickness, or at least almost equal to the fi- 
nal thickness, of the finished sheet, 

c) heat treatment of the sheet in the a-phase temperature range 
of said alloy, 

Wherein step c) is carried out after that steps a) and b) have been 
carried out. 

The invention also concerns a use and devices which will be de- 
scribed below. 

The above described method may for example be used for produc- 
ing channel-boxes for fuel assemblies for a boiling water reactor 
(BWR). Such a method is for example known through WO-A1- 
97/40659. 

Below first an example of a known fuel assembly for a BWR will be 
described with reference to Fig 1-3. 

Fig 1 thus schematically shows a fuel asserribly for a BWR. The fuel 
assembly comprises a channel box 2 (which here is only shown to 
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the right in the figure).. Inside the channel box 2 a number of fuel 
rods 3 are arranged. The fuel rods 3 extend from a top plate 5 to a 
bottom plate 6. The fuel rods 3 consist of cladding tubes which 
contain pellets with nuclear fuel material. In the figure a number of 
pellets 4 are symbolically shown. At the top, the fuel rods 3 are pro- 
vided with end plugs 8. The fuel rods abut against the lower side of 
the top plate 5 with the help of coiled springs 9. A plurality of spac- 
ers 7 are arranged for holding the fuel rods 3 at a distance from 
each other. The fuel assembly is long and thus has a longitudinal 
direction which Is here indicated with a central axis 10. The fuel as- 
sembly may often comprise a water channel which usually extends 
over substantially the whole length of the fuel assembly and which 
enables a flow of non-boiling water up through the fuel assembly. 

Fig 2 shows schematically a cross-section of a fuel assembly for a 
BWR. This cross-sfection shows that the fuel assembly comprises a 
central water channel 12 with a square cross-section and four 
smaller water channels 14. . 

Fig 3 shows schematically a cross-section of another construction 
of a fuel assembly for a BWR. This cross-section shows that the 
fuel assembly in this case only comprises one water channel 16 
which has a square cross-section. 

Both the above mentioned channel box 2 and the water channels 
12, 14 and 16 are often produced of sheet materials which are 
formed and welded together in a suitable manner such as is well 
known to a person with knowledge within the field. Concerning the 
channel box 2, thjs can be produced by producing two sheets. Each 
sheet is bent such that a U-shaped profile is achieved. These U- 
shaped profiles can then.be welded together such that a channel 
box 2 with a square cross-section is obtained. Fig 4 indicates 
schematically a cross-section of two such U-shaped profiles before 
they have been joined and welded together. Fig 5 shows the chan- 
nel box 2 when the two U-shaped profiles have been welded to- 
gether. The weld seams are here indicated by 18. 
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Channel boxes anc| water channels for fuel assemblies are usually 
produced in different Zr-based alloys which are well known to a 
person with knowledge within the field. For example, the well-known 
alloys Zircaloy-2 and ZircaIoy-4 may be used. 

5 

in the very particular environment that a nuclear reactor constitutes, 
the components that form part thereof have to meet many require- 
ments. A very large number of suggestions for the selection of ma- 
terial and for methods of production of components for fuej assem- 
10 blies for nuclear reactors have therefore been produced. Even small 
modifications in the composition of alloys or in parameters of pro- 
duction can have a large importance for the properties of the com- 
ponents. 

15 The above mentioned WO-A1 -97/40659 describes a method of. pro- 
ducing sheet material of a Zr-based alloy for producing channel 
boxes, for fuel assemblies for a BWR. According to the described 
method, a sheet of the Zr-based alloy is produced by forging, hot 
rolling and cold rollmg in a number of steps. Between the rolling 

20 steps a heat treatment may be carried out. When the sheet has 
been produced to the final or almost the final dimension it goes 
through a p quenching. Through the p quenching, the properties of 
the sheet are Improved. Among other things, the corrosion proper- 
ties are thereby Improved. Furthermore, through the p quenching a 

25 more randomised texture of the crystal grains are achieved, which 
works against the tendency of the sheet to be deformed in particular 
selected directions. With a randomised texture is meant that the 
crystal grains are directed randomly in different directions. With a 
non-randorplsed texture is thus meant that the crystal grains tend to 

30 be directed in one or some particular directions to a larger extent. A 
sheet with a non-randomised texture therefore tends to be de- 
formed in particular selected directions. 

In this context it can be noted that the used Zr-alloys exist in an a- 
35 phase at lower temperatures (for example at room temperature). In 
the a-phase, the crystal structure of the material is hep. At higher 
temperatures (for exanrrple for Zircaloy-4 above about 980®C) the 
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alloy exists in p-phase. la this phase, the crystal structure is bcc. At 
a temperature which for example for Zircaloy-4 is between 810**C 
and 980*0 the alloy exists in a mixture of a-phase and p-phase, a 
so-called a+p-phase. 

5 

According to the above mentioned WO-A1 -97/40659, the sheet may 
go through a heat treatment in the a-phase temperature range after 
said p quenching. Thereby the corrosion properties of the sheet are 
further improved. 

10 

SUMMARY OF THE INVENTION 

Even if the method described in the above mentioned WO-A1- 
97/40659 has been shown to work well, there is room for further im- 
15 provement of the method of production.. . 

A purpose of the present invention is therefore to provide a method 
of producing and treating sheets which have further improved prop- 
erties. A purpose is thereby to increase the flatness and the 
20 straightness of the produced sheet, such that subsequent treat- 
ments in order to achieve a high flatness or straightness of the 
sheet can be avoided. A further purpose is to provide such a 
method which may be carried out with relatively simple means. 

25 These purposes are achieved with a method of the kmd which has 
been described in the first paragraph above and which is charac- 
terised in that a stretching of the sheet is carried out during the heat 
treatment according to the above mentioned step c). 

30 During p quenching, as has been explained above, a phase trans- 
formation from bcc structure to hep structure takes place. This 
phase transformation partly also takes place at an a+p quenching. 
Since the phases have different structure and different volume, a 
change of volume takes place during this transformation. This 

35 change of volume leads to the fact that large tensions are intro- 
duced into the material. These tensions lead to the fact that the 
flatness of the produced sheet may not be good after such a phase 
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transformation. Accordfng to the present invention, the sheet is 
stretched during the heat treatment in the a-phase temperature 
range of the alloy which Is carried out after the quenching of the 
material. Since the sheet is stretched, the tensions that have been 
5 created during the above described phase transformation from bcc 
to hep structure are released. Thereby a flat and straight sheet Is 
obtained. During the heat treatment according to step c) also im- 
proved corrosion properties are achieved since this heat treatment 
makes it possible for so-called secondary phase particles to grow. 

10 Since the sheet is stretched during the heat treatment, the growth 
of secondary phase particles takes place faster since the stretching 
increases the diffusion speed. Since the heat treatment during the 
deformation leads to a considerably faster diffusion, it is possible to 
control the degree of growth of secondary phase particles through 

15 the applied deformation. This Is advantageous, in particular for a 
heat treatment in continuous oven process. For a continuous oven 
process with conventionally used ovens, It may otherwise be diffi- 
cult to achieve a sufficiently long time of heating in order to obtain 
the desired growth of secondary phase particles. Since the sheet is 

20 stretched during the heat treatment, according to the present inven- 
tion a sufficient growth of secondary phase particles is achieved 
also in a continuous oven process. 

Preferably, the heat treatment according to step c) should not be 
25 carried out during a too large a deformation, since this may lead to 
the fact that the hep structure recrystallizes to new and larger 
grains, which may lead to the fact that the randomised grain texture 
which has been obtained through the quenching is clearly deterio- 
rated by recrystallizatlon and grain growth which also leads to an 
30 impaired ductility because of the grain growth. 

According to a preferred manner of carrying out the method, the 
heat treatment during the stretching is the last heat treatment that 
the sheet goes through before It is shaped and assembled to the 
35 component for which It is used. It is however conceivable that a 
certain heat treatment can be carried out also after the above men- 
tioned step c). Such a heat treatment ought however to be of such a 
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kind that the structure -of the material that is achieved during the 
heat treatment during the stretching is not destroyed. 

Possibly, the sheet may be stretched also between the steps b) and 
5 c), i.e. also before the heat treatment and the stretching according 
to step c). However, normally such a pre-stretching Is not neces- 
sary. 

According to a preferred manner of carrying out the method, step b) 
10 Is a p quenching. As has been mentioned above, the quenching 
may either be an a+p quenching or a p quenching. The best prop- 
erties of the sheet are however obtained by a p quenching. Fur- 
thermore, the above mentioned change of volume which occurs 
during the stretching is more prominent at a p quenching. The in- 
15 vention is thus particularly advantageously when a p quenching Is 
carried out in step b). 

Preferably, said stretching is carried out at a temperature of at most 
the temperature which constitutes the highest temperature In the a- 

20 phase temperature range of the alloy and at least at the tempera- 
ture which is 70% of said highest temperature with regard to °K, 
most preferred at a temperature which is between 80% and 98% of 
said highest temperature with regard to ^-K. For a continuous oven 
process. I.e. a process where the sheet continuously is moved in an 

25 oven, preferably the stretching Is carried out at a temperature which 
Is between 90% and 96% of said highest temperature with regard to 
"K. For the sake of clarity, it may be noted that for example Zirca- 
loy-4 exists In a-phase up to about 810°C and in p-phase over 
about 980*»C. Therebetween, the alloy exists In a+p-phase. Said 

30 highest temperature constitutes In this case thus 810°C, which cor- 
responds to 1083«K. For example, a temperature of 750»C (which is 
1 023°K) thus constitutes about 94% of said highest temperature. 

Suitably said stretching Is carried out such that the sheet directly 
35 after having gone through the stretching has a remaining elongation 
compared to the state of the sheet immediately before the stretch- 
ing. The remaining elongation may suitable be at least 0.1%. Even 
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If it is possible for some alloy that the remaining elongation may ex- 
ceed 7%, the remaining elongation is, according to a preferred em- 
bodiment, between 0.1% and 7%, most preferred between 0.2% and 
4%. Preferably, the stretching is carried out such that said elonga- 
5 tlon is lower than the critical degree of deformation of the alloy. It 
should be noted that when the sheet cools, it contracts somewhat In 
accordance with the co-efficient of heat extension of the material. 
For this reason, the remaining elongation has above been defined 
for the state in which the sheet is immediately before and after the 

10 stretching, i.e. before It has cooled down and thereby contracted 
because of the temperature difference. As is clear from the above 
mentioned preferred elongations, it is only necessary with a small 
remaining elongation in order to release the tensions that have 
been created during the quenching of the material. By the critical 

15 degree of deformation is meant the degree of deformation where 
the a-phase grains |-ecrystallize to new and larger grains. Even If 
the deformation should somewhat exceed the critical degree of de- 
formation, only a marginal change of the texture of the material is 
obtained which does not have any larger negative effect on the 

20 materia! properties. However, the ductility of the material may be 
effected negatively if too large grains are formed. Preferably, the 
degree of deformation is therefore lower than the critical degree of 
deformation of the alloy. 

25 The component suitably defines a longitudinal direction which, when 
the component Is used as intended in said fuel assembly, is at least 
substantially parallel to the longitudinal direction of the fuel assem- 
bly. The stretching of the sheet may then suitably be carried out in 
a direction which corresponds to the longitudinal direction of said 

30 component for which the sheet is intended. The sheet may suitably 
be long and thereby the stretching may suitably be carried out In 
the longitudinal direction of the sheet. 

Another aspect of the invention concers the use of a sheet pro- 
35 duced and treated according to the method according to any of the 
above described manners. The sheet is thereby used as said com- 
ponent or as part of said component in a fuel assembly for a nu- 
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clear light water reactor. Since the produced sheet has good prop- 
erties and is flat ahd straight, it is suitably to be used for a compo- 
nent in a nuclear light water reactor. 

5 According to a preferred use, said component is a channel box 
which defines an inner space, inside of the channel box, in the fuel 
assembly, wherein a plurality of fuel rods are arranged in said inner 
space and wherein said sheet Is used for at least one of the walls of 
the channel box. 

10 

Preferably, the above mentioned fuel assembly is a. fuel assembly 
for a nuclear boiler water reactor. 

According to another advantageous use, said component is a water 
15 channel arranged in the fuel assembly in order to enable a flow 
through the fuel assembly of non-boiling water, and wherein said 
sheet is used as at least one wall of said water channel. 

Since channel boxes and water channels have an extension which 
20 normally constitutes almost the whole length of the fuel assembly, it 
is important that these components have good properties and good 
flatness and straightness. Therefore, with advantage, the sheet 
produced and treated according to the method according to the pre- 
sent invention is used for these components. 

25 

The invention also concerns a method of producing a channel box 
for a fuel assembly for a nuclear boiling water reactor, which 
method comprises: 

producing and treating a plurality of sheets with the method 
30 according to any of the above described embodiments, and 

accomplishing a suitable shape of these sheets and joining 
the sheets such that said channel box is formed. 

The invention also concerns a method of producing a water channel 
35 for a fuel assembly for a nuclear boiling water reactor, which water 
channel is intended to form part of said fuel assembly for enabling a 
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flow through the fuel assembly of non-boiling water, which method 
comprises 

producing and treating a plurality of sheets with the method 
according to any of the above described embodiments, and accom- 
5 plishing a suitable shape of these sheets and joining the sheets 
such that said water channel is formed. 

Through these methods of producing channel boxes and a water 
channel, respectively, the advantages which are described above 
10 concerning the used sheet are obtained. 

The Invention also concers a fuel assembly for a nuclear boiling 
water reactor, comprising: 

a channel box with a material structure obtained by the fact 
15 that the sheet which forms at least the main part of the walls of the 
channel box is produced and treated according to the method ac- 
cording to any of the above described embodiments, and 

a plurality of fuel rods comprising nuclear fuel material ar- 
ranged within said channel box. 

20 

The invention also concerns a fuel assembly for a nuclear boiling 
water reactor comprising: 

at least one water channel with a material structure obtained by the 
fact that the sheet that forms at least the main part of the walls of 
25 the water channel is produced and treated according to the method 
according to any of the above embodiments. 

Also the above described fuel assemblies have advantageous prop- 
erties since the sheet that is used for the walls of the channel box 
30 and the water channel, respectively, is produced and treated with 
the advantageous method according to the invention. 

SHORT DESCRIPTION OF THE DRAWINGS 

35 Fig 1 shows schematically a fuel assembly for a nuclear boiling 
water reactor. 
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Fig 2 shows schematically a cross-section through a fuel assembly 
for a nuclear boiling' water reactor. 

Fig 3 shows schematically a cross-section through a boiling water 
reactor of another construction. 
5 Fig 4 shows schematically a cross-section of two U-shaped profiles 
before they are joined. 

Fig 5 shows schematically the U-shaped profiles according to Fig 4 
after they have been joined. 

Fig 6 shows schematically a sideview of a sheet in a device with 
10 which the sheet can be stretched. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

An example of a method according to the invention to produce and 
15 treat a sheet that is suited to be used as a component or as a part 
of a component In a fuel assembly for a nuclear light water reactor 
will now be described. 

As a starting material a Zr-based alloy is used which contains at 
20 least 96 weight percent Zr. The alloy is of such a kind that it is 
suited to be used for for example a channel box or a water channel 
in a nuclear boiling water reactor. For example, the known alloys 
Zircaioy-2 or Zircaloy-4 may be used. Examples of alloying contents 
are given in the above mentioned WO-A1 -97/40659. Also other Zr- 
25 based alloys which are suited for the use can be used. It is well 
known to a person skilled in the art that the alloying contents which 
is the case in Zircaloy-2 or Zircaloy-4 can be modified in different 
manners in the order to achieve desired properties. Also for exam- 
ple Zr-based alloys where the largest alloying constituent is Nb may 
30 be used. As an example, the use of an alloy of Zircaloy-4 will be 
described below. 

An ingot is produced of this. alloy. The Ingot is forged within the p- 
phase temperature range, at a temperature of about 1 150°G. 

35 

Conventional forging for reducing the thickness of the material is 
carried out within the a-phase temperature range. Thereafter the 
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thickness is further reduced by hot rolling after preheating to for ex- 
ample 950«*C during 15' minutes or ZSCC during 45 minutes. The 
hot rolling is carried out to a thickness of about 20 mm to 30 mm. 
Thereafter a second hot rolling follows to a thickness of about 4 mm 
5 at a maximum temperature of 650**C. 

Between these hot rollings possibly a heat treatment at about 
1020*0 during 5 to 10 minutes may be carried out in order to ho- 
mogenise the alloying elements. 

10 

Thereafter a cold rolling is carried out in a number of steps in order 
to reduce the thickness to the final thickness or at least almost to 
the final thickness. For example, one to three cold rollings may be 
carried out in order to achieve the correct permissible variation of 
15 the sheet thickness and the surface finish. Between each cold roll- 
ing, the material Ts suitably heat treated at about 730°C In a con- 
tinuous oven process. 

Thereafter the material is p quenched in that it is heated to about 
20 1050*C during about 10 seconds whereafter a quenching is carried 
out. The cooling speed may for example be about 25°C per second. 

After the p quenching, the sheet is heat-treated at about 750"»C in a 
continuous oven process. The heat treatmerrt may for example take 

26 place during 2-10 minutes, preferably during about 8 minutes. Dur- 
ing this heat treatment, the sheet is stretched such that a remaining 
elongation of about 0.5% is achieved. With remaining elongation is 
here meant that the sheet has been elongated this much directly 
after the stretching as compared to immediately before the stretch- 

30 Ing. Thereafter possibly the sheet may contract somewhat when it 
cools in accordance with the coefficient of heat extension of the 
material. 

Fig 6 shows schematically how the stretching of the sheet may be 
35 carried out in a continuous process. The sheet is fed forward in the 
direction that is marked with an arrow with the help of a front pair of 
rollers 20 and a rear pair of rollers 22. If the feeding speed with the 
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front pair of rollers 20 is a little higiier than the feeding speed with 
the rear pair of roller 22,- the sheet goes through a stretching during 
the feed. It should be noted that preferably this feed takes place In 
an oven such that the sheet is heated at the same time as it is 
5 stretched. It should be noted that the stretching does not necessar- 
ily have to take place in a continuous process with the help of roll- 
ers such as Is shown in Fig 6. It is also possible that the sheet Is 
arranged In some other kind of stretching device In order to carry 
out the stretching. 

10 

Preferably, the sheet is long and the stretching is carried out in the 
longitudinal direction of the sheet. This longitudinal direction 
thereby suitably corresponds to the longitudinal direction of the 
domponent for which the sheet is to be used. 

15 . 

The produced sheet is preferably used as a component or as a part 
of a component in a fuel assembly for a nuclear light water reactor, 
preferably a nuclear boiling water reactor. The sheet may for exam- 
ple be used for the channel box 2 which surrounds such a fuel as- 

20 sembly. Another use is for the water channel or the water channels 
12, 14, 16 which may form part of such a fuel assembly. 

A channel box 2 for a fuel assembly for a BWR may be produced in 
that two sheets of a suitable dimension are produced. These sheets 

25 are thereafter bent to U-shaped profiles such as is shown in Fig 4. 
Possibly, the sheets may be heated somewhat, for example to 
about 200^*0, before they are bent. The U-shaped profiles are 
thereafter welded together in a manner which is well known to a 
person with knowledge within the field. Possibly, the channel box 2 

30 may be shaped in that it is positioned on a fitting of stainless steel, 
whereafter heating takes place in order to transfer the shape of the 
fitting to the channel box 2. 

A water channel 12, 14, 16 for nbn-bolling water for a fuel assembly 
35 for a BWR may be produced in a similar manner. A sheet is pro- 
duced with the method according to the invention. Sheets of suit- 
able dimensions are produced. These parts are shaped and welded 
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together such that a water channel 12, 14, 16 of a suitable shape Is 
obtained. This shape may for example constitute a cruciform water 
channel which consists of different channel parts 12, 14 such as Is 
shown in Fig 2 or as a square water channel 16 of the kind that is 
5 shown in Fig 3. 

The invention also concerns a fuel assembly for a nuclear BWR. 
Such a fuel assembly has a channel box 2 with a material structure, 
flatness and straightness obtained in that the sheet which forms the 
10 walls of the channel box 2 is produced and treated according to the 
method which has been described above. The fuel assembly may 
for example be of the kind which is shown schematically in Fig 1 . 

The invention also concerns a fuel assembly for a BWR of which at 
15 least one water channel 12, 14, 16 forms a part. This water channel 
12, 14, 16 has a material structure, flatness and straightness ob- 
tained in that the sheet Is produced and treated according to the 
method which is described above. Of course, the fuel assembly may 
have both a channel box 2 and a water channel 12, 14, 16 which 
20 are fabricated of sheets which are produced and treated with the 
method according to the invention. 

The invention is not limited to the above described examples but 
may be varied within the scope of the following claims. 
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Claims 

1. A method of producing and treating a sheet suited to be used 
as a component or as a part of a component (2, 12. 14, 16) in a fuel 
assembly for a nuclear light water reactor, which method comprises 
the following steps: 

a) producing a sheet of a Zr-based alloy by forging, hot rolling 
and cold rolling in a suitable number of steps, wherein said 
alloy contains at least 96 weight percent Zr and is of such a 
kind. that the sheet Is suitable to be used for said component 
(2.12,14.16). 

d) carrying out an a+p quenching or a p quenching of the sheet 
when the sheet has been produced to a thickness which is 

. equal to the final thickness, or at least almost equal to the fi- 
nal thickness, of the finished sheet, 

e) heat treatment of the sheet In the a-phase temperature range 
of said alloy, 

wherein step c) Is carried out after that steps a) and b) have been 
carried out, characterised in that a stretching of the sheet is carried 
out during the heat treatment according to step c). 

2. A method according to claim 1, wherein step b) is a B 
quenching. 

3. A method according to claim 1 or 2, wherein said stretching is 
carried out at a temperature of at most the temperature which con- 
stitutes the highest temperature in the a-phase temperature range 
of the alloy and at least at the temperature which is 70% of said 
highest temperature with regard to °K. 

4. A method according to claim 3, wherein said stretching is car- 
ried out at a temperature which is between 80% and 98% of said 
highest temperature with regard to ®K. 

• 

5. A method according to any of the preceding claims, wherein 
said stretching is carried-out such that the sheet directly after hav- 
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ing gone through .the stretching has a remaining elongation com- 
pared to the state of the Sheet Immediately before the stretching. 

6. A method according to claim 5, wherein said stretching Is car- 
ried out such that said elongation Is longer than the critical degree 
of deformation of the alloy. 

7. A method according to claim 5 or 6, wherein said remaining 
elongation is between 0.1% and 7%. 

8. A method according to claim 7, wherein said remaining elon- 
gation is between 0.2% and 4%. 

9. A method according to any of the preceding claims, wherein 
said component (2, 12, 14, 16) defines a longitudinal direction 
which, when the component is used as intended in said fuel assem- 
bly, is at least substantially parallel to the longitudinal direction (10) 
of the fuel assembly and wherein said stretching of the sheet is car- 
ried out in a direction which corresponds to the longitudinal direc- 
tion of said component (2, 12, 14, 16) for which the sheet is in- 
tended. 

10. Use of a sheet produced and treated according to the method 
according to any of the preceding claims as said component or as a 
part of said component (2, 12, 14. 16) in a fuel assembly for a nu- 
clear light water reactor. 

11. Use according to claim 10, wherein said component is a 
channel box (2) v/hich defines an inner space, inside the channel 
box (2), in the fuel assembly, wherein a plurality of fuel rods (3) are 
arranged in said inner space and wherein said sheet is used for at 
least one of the walls of the channel box (2). 

12. Use according to claim 10 or 11, wherein the fuel assembly Is 
a fuel assembly for a nuclear boiling water reactor. " 
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13. Use according to claim 12, wherein said component Is a water 
channel (12. 14, 16) arranged In the fuel assembly In order to en- 
able a flow through the fuel assembly of non-boiling water and 
wherein said sheet Is used as at least one wall of said water chan- 
nel (12, 14. 16), 

14. A method of producing a channel box (2) for a fuel assembly 
for a nuclear boiling water reactor, which method comprises: 

producing and treating a plurality of sheets with the method 
according to any of the claims 1-9, 

accomplishing a suitable shape of these sheets and joining 
the sheets such that said channel box (2) is formed. 

15. A method of producing a water channel (12, 14, 16) for a fuel 
assembly for a nuclear boiling water reactor, which water channel 
(12, 14, 16) is intended to form part of said fuel assembly for ena- 
bling a flow through the fuel assembly of non-boiling water, which 
method comprises 

producing and treating a plurality of sheets with the method 
according to any of the claims 1-9, 

accomplishing a suitable shape of these sheets and joining 
the sheets such that said water channel (12, 14, 16) Is formed. 

16. A fuel assembly for a nuclear boiling water reactor comprising: 
a channel box (2) with a material structure obtained by the 

fact that the sheet which forms at least the main part of the walls of 
the channel box (2) is produced and treated according to the 
method according to any of the claims 1-9, 

a plurality of fuel rods (3) comprising nuclear fuel material ar- 
ranged within said channel box (2). 

17. A fuel assembly for a nuclear boiling water reactor comprising: 
at least one water channel (12, 14, 16) with a material struc- 
ture obtained by the fact that the sheet which forms at least the 
main part of the walls of the water channel (12, 14, 16) is produced 
and treated according to the method according to any of the claims 
1-9. 



WO 2004/065413 



1/2 



Fig.1 (77^^ 




10/53897 

PCT/SE2004/000003 



ooooo boooo 

QOOOOMOOOOO 

ooooortooooo 
poooo oooo< 

OOOQ£OOPO( 



Fig. 2 



[OOOOO OOOOOl 

[oooooooooo 
joooooooooo 
oooooooooo 
oooor 



oool 
oool 



oooo 

oooo 

{oooooooooo 
ooooooooo 
^poooooooo 



wo 2004/0^3413 




Fig, 6 



INTERNATIONAL SEARCH REPORT 



Intsmational applicatiaD No. 
PCT/SE 2004/000003 



A- CXASSIFICATION OF SUBJECT MATTER 



IPC7: C22F 1/18, G21C 3/07 

Accprding to Internationa] Patent Classification (IPC) or to bolh national dareificalioj and tPC 



B. FIELDS SEARCHED 



Mnumum dooimentation searched (classification system foJloved by dassification symbols) 

IPC7: C22F, G21C 



Documentation eearebed other than minimum docnmeniation to the extent dial sudi documents are included in the iidds seardted 

SE»ra(,FI,NO classes as above 



Electronic data base consulied during the Imemaxional search (name of daxa base and, where practicable, search terms used) 



EPO-IMTERNAL 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with ixuScaiioa, where approp ri ate, of the relevant passages 



Rele^rant to daim No. 



US 6167104 A (FRIEDRICH GARZAROLLI ET AL), 
26 December 2000 (26.12.2000), column 4, 
line 25 - column 5, line 26 



US 4717427 A (MICHEL MOREL ET AL), 5 January 1988 

(05.01.1988), column 3, line 10 - column 4, line 5 



US 3825124 A (IVAM BAKSAY), 30 July 1974 

(30.07-1974), column 1, line 57 - column 2, 
line 15 



WO 9740659 Al (ABB ATOM AB), 6 November 1997 
(06.11.1997), page 8, line 14 - line 25 



1-9,10-13. 
14-17 



1-9,10-13, 
14-17 



1-9,10-13, 
14-17 



1-9,10-13, 
14-17 



"xl Fwther doeuments are Ksted in the confimiation of BoK C See patent fan% 



Spedsil categozics of dted documents: 

•A' docomcnt defining th« geaeral Ast» of the art vbach is not coarf dcred 
to be of particular relevance 

•E* eadia a^cadon or patent bin puUishcd on or after flw intemalional 
filing date 

Ir* document which may throw doubts oh priority deam(^ or which is 
dted to e srabtiih the paiblicfitioa date of ano&er dtatian or o&er 
reason (as spedllecQ 

Cy docoment referring to an aral <£sclosure, use, exidtaitiQa or oQier 
jnefim 

*P' document ptthliAed prior to the intanatjonri ffling ^atp bPt liiter Ibsn 
the pzlQttty d2£e claimed 



Date of the actual completion of the intemational seardt 

25 March 2004 



T* later document puWiaied after the ixoemsdooal filing <jaic or pziaaity 
date aid not in aon£iot nafli fiie uaGcaliaii bus dted to understand 
tlie principle or Ibeory imdsxlyfng me invoaiaa 

docLcmaiit of partiGUlar rdevancc: the daimed inyenSian eamot be 
canadered xx>vel or c&nnot be oanadered to iavoSve an inventive 
step vviicn flie documeot istaloen alone 

'Y' document of particular rdevance: the claimed inventi an cannot be 
oonsdered to involve an inventive asp ivhen the document is 
com b ined with one or more oQier soch documenti; such oombinatioD 
being obvious to a person alalled in flic ait 

documem member of the same patait family 



Name and znalfing address of flie ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Fac^mUe No. + 46 8 666 02 86 



Form PCr/lSAy2lO (second sheet) (Januaiy 2C04) 



Date of tn ailing of the uitemaliOQal search report 

3 0 -€3- 2004 



Authorized officer 

Nils Engnell/MP 

Telephone No. + 46 8 782 IS 00 



INTERNATIONAL SEARCH REPORT 



Incematioaal ai>p!icaUQii No. 
PCT/SE 2004/000003 



C (ContinuatiQn). DOCUMENTS. CONSIDERED TO BE RELEVANT 



Category' 



Gtation of docoment, with xndlcalaon, where appropriate, of the rdevant passages 



us 6077369 A (AKIHIKO KUSAMO ET AL). 20 June 2000 

(20.06.2000), column 4, line 1 - line 8; colunn 15, 
line 27 - line 55 



Rdcnraat to daim No. 



1-9.10-13, 
14-17 



Form PCT/lSA^io (contimiation of second sheet) (January 2004) 



JNTERNATIONAL SEARCH REPORT 

lafannafian an patent bwSy members 



27/02/2004 



Iniernafional ai^cation No. 
PCT/SE 2004/000003 



US 



6167104 A 26/12/2000 



US 



4717427 A 05/01/1988 



US 



3826124 A 30/07/1974 



WO 



9740659 Al 06/11/1997 



US 



6077369 A 20/06/2000 



np 

L/C 




lZ/0c/199o 


DP 


59703814 D 


OD/DO/OpOO 






23/06/1999 






PS 


91 CQOOn T 


t C /t A /OA At 

1d/1U/2UU1 


JP 




9C /I O yOAAA 


IfU 




12/03/1998 


AT 




13/02/1989 


PA 


1 9ROni 3 A 


AC /An /toon 

05/09/1989 




XUicU4X D 


OA /A') 

20/03/1991 


mi 


oolUubZb A 


30/07/1986 


OE 


3568200 0 


00/00/0000 


DE 


3660498 □ 


00/00/0000 


EP 


0192499 A,B 
0192499 T3 


27/08/1986 


SE 




ES 


550752 A 


16/06/1987 


ES 


8707003 A 


16/09/1987 


FR 


2575762 A.B 


11/07/1986 


JP 


2074601 C 


25/07/1996 


JP 


7100845 B 


01/11/1995 


JP 


61210165 A 


18/09/1986 


KR 


9513827 B 


16/11/1995 


YU 


2386 A 


31/08/1988 


YU 


45296 B 


28/05/1992 


ZA 


8600096 A 


27/08/1986 


NONE 


AT 


214304 T 


15/03/2002 


AU 


694898 B 


30/07/1998 


AU 


1215797 A 


17/07/1997 


BR 


9612150 A 


13/07/1999 


DE 


69619877 D,T 


28/11/2002 


DE 


69706623 D,T 


27/06/2002 


EP 


0835330 A,B 


15/04/1998 


SE 


0835330 T3 




EP 


0958058 A,B 


24/11/1999 


SE 


0958058 T3 




ES 


2162287 T 


16/12/2001 


JP 


11509634 T 


24/08/1999 


JP 


2000502600 T 


07/03/2000 


m 


313689 B 


18/11/2002 


NO 


982846 A 


19/06/1998 


NZ 


324882 A 


28/05/1999 


SE 


9601594 D 


00/00/0000 


US 


6042036 A 


28/03/2000 


US 


6149738 A 


21/11/2000 


JP 


8090074 A 


09/04/1996 



Form PCr/ISA/210 (patent familty umes) (January 2004) 



